Abstract-Nowadays, the OFDM support the growing request of higher data rate transportation in both wired and wireless communication. The SLM technique is recognized as one of the most capable methods which are applied in OFDM system in order to reduce the problem of high PAPR. However the major drawback of SLM is transmission of side information which has negative result on data rate and bandwidth efficiency. Accordingly the SLM method without sending side information has been proposed. Therefore this paper investigates how the parameters in SLM techniques without Side Information (SI), could have effects on the PAPR performances of the method.
INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) systems has the prominent ability to combat the influence of wireless fading channels. Moreover the orthogonality of multi carriers in OFDM causes major increase in bandwidth efficiency (BE) [1] . For that reason, OFDM has been extensively applied in several advanced communication systems. However the OFDM signal has a main drawback of high peak-to-average power ratio (PAPR) in time domain and indicates the large amplitude waveform. The high PAPR signal forces the power amplifier work at nonlinear area (saturation region) and results in in-band distortion and out-of-band radiation [2, 3] .
A number of techniques have been built up to reduce the PAPR of the OFDM signal. Among these techniques, selected mapping (SLM) [4] has been one of the proficient techniques which are used to decrease the PAPR. In SLM methods, the transmitter transfers the original data signal into a set of independent signals. The signal which has the lowest amount of PAPR is selected to send out. However, the selected signal index that is called side information index (SI index), must be sent to receiver in order to be recognized there [5] . Recovery of data block at receiver causes data rate reduction. So there is the probability of erroneous SI detection, which can affect the error performance of the system. If receiver does not recover the true SI bits each time, the total data will be lost. In fact, in order to protect the SI bits, strong channel codes are required which leads to degradation in data rate, complexity and transmission delay [6] .
It makes necessity of developing the SLM methods which work without sending SI bits. This paper investigates how the parameters of SLM with no SI can influence the PAPR performance.
The rest of this paper is organized as follows. In section II the parameters of OFDM is presented, Section III presents the fundamentals of SLM techniques. Section IV discussed some measurements and comparisons in PAPR performances of SLM method. The result and discussion are followed in Section V and comparison.
II. PARAMETERS OF OFDM SIGNAL
First An OFDM signal with length of N and PAPR reduction algorithm can be presented as follows. Initially, information bit groups are mapped into a frequency domain symbols as S = {S 0 , S 1 ,…, S N-1 } with N subcarriers, where S k represents the data of the k th sub-carrier. The symbol is expressed as:
Where J is the over-sampling factor in (1) . Since the oversampling factor has no effect on measuring PAPR it can be ignored, however to simulate applicable method oversampling process should be considered and the value of the sample rate must be at least 4. Furthermore, the symbol is transformed into the time domain by an inverse fast Fourier transform (IFFT) as:
Therefore the PAPR of based band signal can be defined as [7] : . The CCDF denotes the probability of the PAPR of a data block exceeding a given threshold, Z.
III. BASIC OF THE SLM TECHNIQUES

A. Conventional SLM Method
The SLM method is one type of phase rotation techniques. The PAPR of phase rotated data is measured then the lowest one will be selected to transmit. In other words the candidate signal with the least PAPR value is selected and introduced to amplification stage the block diagram of the Conventional SLM scheme is depicted in Fig. 1 , in which U data sequence
T with the chosen phase sequences P(u), which length is also equal to N. Then, the IFFT conversion affects all sequences, in order to transform the signal from the frequency domain to the time domain [8] . [4, 9] The phase sequences are
|=1, (n=0, 1, N-1) and usually equal to ±1 in order to avoid more complexity in complex multiplications. The modified data by multiplying the u phase sequences are [10] . After calculating PAPR among the U data sequence ( ) , the sequence with the minimum PAPR xˆis selected for transmission, presented as:
In SLM method, several phase sequences are set at transmitter then during multiplying the input data by phase sequences a set of signals that all shows the identical information are produced. After that, the one with the lowest PAPR is selected to send for next stage. With the purpose of detection original data at the receiver, transmitter has to select the phase sequence index, known as SI. Transmitting the SI bits decrease the bandwidth efficiency; besides, when receiver detects SI bits incorrectly, the entire received structure will be lost. In order to resist this difficulty, strong channel code should be used that protect the SI, but system complication and data rate reduction will be appeared as result.
Based to the drawbacks of SI bits, a SLM method which can work without SI becomes more noteworthy. In this section some recent SLM techniques without using SI are reviewed.
B. The SLM technique without SI
In this method, the SLM technique embeds the SI bits in , so there is no need to send additional bits to receiver side. In fact in this technique, the phase vectors =( , ) , include some factors that absolute value of them | , | are more than |1|. In another words, these vectors are composed of some elements whose absolute value of them equal to C >1, and they are named extension factor. In order to build the set of phase vectors =( , ) , u the phases of the complex elements , is chosen by random, as in conventional SLM. Then is partitioned into L sub-vectors with length of M = N/L. Then it is indicated, by , the (m + 1)th element in the (l+1)th sub-vector, m } and l
. In each sub-vector, the absolute value of K elements is set to a constant C > 1, whereas the absolute value of the other elements stay equivalent to the unit. In
, these locations make a set S u consist of K numerals. These integers represent the locations of complex elements in each sub-vector that have absolute value equal to C. It must be considered that two distinct vectors B u cannot be correlated with the same sets with the purpose of SI recovery at the receiver side. The maximum number of phase vector is given by the binomial coefficient = ! !( ) [12] . Fig. 2 depicts the absolute value of phase vectors can be used in this technique when N=15, M=5, k=2.The phases are taken randomly. According to [2] , Linear Feedback Shift Register circuit (LFSR) could be used to generate random sequences with a so long period in order to produce maximum number of phase vectors.
IV. PARAMETERS AND MEASURMENTS
Regards to the SLM method as one of the most efficient techniques in PAPR reduction, this paper evaluate the effects of some parameters on PAPR performances.
A. Number of IFFTs and PAPR Performance
As mentioned before, SLM method is one type of phase rotation techniques. In which the data is converted into U data sequence
T component-wise with predetermined phase sequences P(u), which length is also equal to N [10] . Then, the IFFT conversion is applied to each sequence. The sequence with the lowest PAPR will be selected to transmit. In order to apply the SLM as one proficient technique in PAPR reduction, this part evaluates how the number of sequences (U) affects the PAPR performance. For this reason the C-SLM method with various amount of U=1, 2, 4, 8, 32 and 16 is studied then the PAPR Complementary Cumulative distribution Function (CCDF) of this comparison is shown in Fig.3 . For comparison purpose the other system parameters are same for all sequences. The number of OFDM subcarriers is equal to 256 and the QPSK modulation is applied for all sequences. The amount of extended factor, the number of extended factor and length of each sub-vectors for all sequences are C=1.5, K=2 and M=5 respectively. According to the Fig.3 increase in number of sequences leads to more PAPR reduction.
B. The amount of Extention Factor in SI-free SLM and PAPR Performance
In SLM method when there is no need to send additional bits as SI, the phase vectors are composed of some elements whose absolute values are not all equal to the unit but some of them are equivalent to a constant C >1 which is called extension factor. In order to modify and apply this method as the efficient technique it is crucial to study the effects of absolute values amount of C on PAPR performance. For this reason the PAPR Complementary Cumulative distribution Function (CCDF) of the SLM with no SI [5] with various amount of C=1, 1.25, 1.5, 1.75 are shown in Fig .4 . Based on the recent works when C is increased the probability of SI detection error improves since a higher value of C make difference between symbols which are extended and non-extended [6] . But it is important to mention, there is limitation in increasing the absolute value of C, according to energy increase in transmitted symbol. Since the data multiply in to phase factor with the absolute value equivalent to C >1 or 1 [6, 10] , The energy increase is taken into account by G in decibels (dB):
C. The Number of Extention Factor in SI-free SLM and PAPR Performance
In the SLM method without SI, the number of extension factor in each sub-vector K is important which influence the error performance and energy increase of signal [11] . In this part the effect of this parameter is evaluated on PAPR performance of the signal. The CCDF graph of PAPR performances for SLM without SI when k=1, 2, 3, 4 and 5 is depicted in Fig.5 . To obtain this results QPSK modulation with N=256 subcarriers and extension factor C=1.5 are applied. It shows that the PAPR reduce to some extent by increasing the K. But it noticeable the value of K must be selected among all those possible conditions which satisfy the and regarding to decrease the energy increase which is given by (7), it also must be the minimum amount of these possible condition [6] .
V. RESULT AND DISCUSSION
With the purpose of comparison among the effects of sequences number (U), value and number of extension factor on PAPR performances, the CCDF graph of PAPR performances for SLM without SI is studied. It is shown in Fig. 3 , the number of sequences changes the PAPR amount by this way; the more sequences increase, the better the PAPR performances. Hence the PAPR reduces from 11.8 dB to 7.5 dB when number of sequences increase from 2 0 to 2 5 . Another comparison which is shown in Fig.4 and Fig.5 depicts by increasing the number and the amount of extension factor which leads to better PAPR performance, but it is not impressive enough to consider it.
VI. CONCLUSION
As mentioned earlier, the SI free SLM methods has some advantages rather the conventional SLM ones. Moreover, the SLM is recognized as an efficient method in PAPR reduction among other methods. Therefore this paper evaluates some substantial parameters on PAPR performances. Afterwards it is indicated that increase in number of sequences, in number and amount of extension factor, leads to better PAPR performances, while the effect of number of sequences are most sensible than the others parameters. Hence for further comparison it is better to investigate the effects of for mentioned parameters on other criterion performances such as error performance or complexity.
